The incidence of rotator cuff tears (RCT) increases with age and tends to occur as part of the degenerative process of aging.
Clinics in Orthopedic Surgery • Vol. 8, No. 4, 2016 • www.ecios.org weaken the healing response and complicate surgical management. 9) They also tend to have more medical problems and shoulder dysfunction, which are associated with a compromise in an individual's health status similar to that seen in major medical diseases such as congestive heart failure, acute myocardial infarction, and diabetes mellitus. 10) These factors can have a negative influence on the healing process of the repaired tendon. Studies have clearly demonstrated that rotator cuff healing failure leads to poorer functional outcome, particularly strength, as well as a decrease in the healing rate related to advanced age and greater rotator cuff degeneration. 3, [11] [12] [13] In contrast, successful rotator cuff repair in elderly patients with RCT have been reported. 14) Grondel et al. 14) reported the effectiveness of rotator cuff repair in an older population, with good or excellent results in 84 of 97 shoulders (87%). Their results indicated that elderly patients continued to improve in function and strength for > 12 months after RC repair with decreased activity and the age of the patient did not appear to be a contributing factor to a successful result. In addition, some elderly patients with RCT desire to remain physically active with high functional demands. Surgeons often consider surgical repair for these patients when severe persistent pain and disability of the shoulder is nonresponsive to conservative treatment. However, a limited number of studies have reported the healing potential of repaired RCT in elderly patients. The purpose of this study was to evaluate the clinical and structural outcomes of elderly patients aged ≥ 75 years who underwent arthroscopic or open repair of a fullthickness RCT and determine the factors associated with clinical outcome and retear. We hypothesized that rotator cuff repair in elderly patients ≥ 75 years would show inferior clinical outcomes due to the low healing potential and high retear rate of repaired rotator cuff lesions in this age group.
METHODS
This study was retrospective in nature. The Kyung Hee University Medical Center Institutional Review Board approved the study and informed consent requirement was waived (KMC IRB 1508-08).
Patient Selection
From March 2003 to July 2013, 59 consecutive patients aged ≥ 75 years underwent arthroscopic or open rotator cuff repair for the treatment of full-thickness RCT that were diagnosed primarily by physical examination and preoperative magnetic resonance imaging (MRI) and confirmed by arthroscopic findings. RCT sizes were measured intraoperatively according to the classification of DeOrio and Cofield 15) by assessing the anteroposterior dimension with the use of a calibrated probe introduced through the posterior portal with a view from the lateral portal. The tear sizes were categorized into small (< 1 cm), medium (1-3 cm), large (3-5 cm), and massive (> 5 cm). Patients who had acromioclavicular arthritis that required distal clavicle resection, advanced glenohumeral arthritis, RCT with a Workers' Compensation claim, incomplete medical record, or no postoperative follow-up MRI at least 12 months after surgery were excluded from the study. Patients undergoing revision procedures were also excluded. A total of 25 patients (4 male, 21 female mean age at surgery, 78.3 years [range, 75 to 88 years]; mean follow-up, 36.3 months [range, 18 to 114 months]) who were available for postoperative MRI evaluation at least 12 months after rotator cuff repair were enrolled in this study.
Patients were considered surgical candidates if they had persistent shoulder pain that was unresponsive to at least 6 months of adequate conservative treatments such as anti-inflammatory medication, physical therapy, subacromial corticosteroid injection, and activity modification. Arthroscopic repair was performed when the tears could be repaired without undue tension based on arthroscopic findings. A double-row repair with a suture-bridge technique was used for medium to large tears, while a single-row repair was used for small tears and for massive tears that could be repaired with full coverage of the footprint. Open repair was indicated when: (1) a tear was arthroscopically irreparable because of severe retraction of the tendon; (2) tendon tissue quality was poor; or (3) pullout strength of the anchor was considered weak with accompanying osteoporosis of the greater tuberosity. Repairability was determined based on preoperative MRI. In case of open repair, retraced cuff was mobilized after a full release of proximal region, in which repair was performed by using suture anchor or transosseous suture. The decision to operate on the patient was made by the senior author based on the patient's history, clinical findings, failed conservative management, and persistent pain. All operations were performed by the single senior author with the patient in a beach chair position.
All patients followed a standard postoperative rehabilitation program. From the day of operation, passive exercises including pendulum exercise, passive forward flexion and external rotation exercises were performed. Active exercises were not allowed until postoperative 6th week or until regaining full passive range of motion (ROM). Active assisted exercises were started at postoperative 6th week and muscle strengthening exercises were introduced gradually thereafter.
Pre-and Postoperative Evaluations
All patients underwent a physical examination 1 day before the operation. Postoperative evaluations were performed at 3, 6, 9, and 12 months and annually on an outpatient basis, and the results of the last follow-up were analyzed. Postoperative subjective pain scores at rest and during active shoulder motion were measured on the visual analog scale (VAS). Quantitative muscle strength measurements of the rotator cuff were assessed using a portable handheld Nottingham Mecmesin Myometer (Mecmesin Co., Nottingham, UK). Elevation strength was tested with the patient in the seated position with the arm flexed to 90° in the scapular plane. External and internal rotation was tested with the shoulder in a neutral position and the elbow in 90° of flexion. For shoulder ROM, active forward flexion, external rotation at the side, internal rotation to the posterior, and abduction were assessed preand postoperatively. Internal rotation to the posterior was measured at the vertebral level of the hand. The Constant score 16) and the Shoulder Rating Scale of the University of California at Los Angeles (UCLA) 17) were used for the clinical assessment.
Assessment of Repair Integrity
To assess rotator cuff repair integrity, an anatomical evaluation of the cuff repair was done using MRI as the modality of choice because it allows for multiplanar imaging of the shoulder postoperatively. 18) Postoperative MRI was performed on all patients at least 12 month postoperative. All studies were obtained with a 3.0-T MRI using routine pulse sequences. All images were reviewed by an experienced senior radiologist. Integrity failure was assessed on MRI according to established MRI criteria; 18) and when a fluid-equivalent signal or non-visualization of the supraspinatus, infraspinatus, or subscapularis tendon was found on at least 1 T2-weighted or proton density-weighted image, the diagnosis of a full-thickness retear or anatomical healing failure was made. We classified the integrity of the tendon into 2 categories with MRI: (1) healed (types I and II) and (2) retear (types III-V) on oblique coronal and oblique sagittal views according to Sugaya classification. 19) 
Statistical Analysis
The Wilcoxon rank sum test was performed to assess the difference between the preoperative and postoperative results. Comparisons between the 2 groups (healed and retear group) were performed using the Mann-Whitney U-test and the chi-square test for comparing proportions between groups. Correlation analysis using Fisher exact test was used to identify the correlation between various shoulder-specific functional outcome instruments at final follow-up. Significance was set at a level of 0.05 with associated 95% confidence intervals. The IBM SPSS ver 20.0 (IBM Co., Armonk, NY, USA) was used for all the statistical analyses.
RESULTS

Patient Demographics
All patients included in this study were normal healthy patients or patients with mild systemic disease without functional limitation who could be controlled by medication. A total of 15 small to medium tears (60%), 5 large tears (20%), and 5 massive tears (20%) were examined in the current study. Nineteen patients (76%) underwent arthroscopic repair (14 small to medium tears, 2 large tears, and 3 massive tears) and 6 (24%) underwent open repair (1 medium tear, 3 large tears, and 2 massive tears). Among the arthroscopic repairs, single-row repair was performed in 13 cases (52%) and suture-bridge repair in 6 cases (24%) ( Table 1) .
The mean patient age was 77.5 years (range, 75 to 83 years) for the small to medium tear group, 79.2 years (range, 75 to 88 years) for the large tear group, and 79.6 years (range, 75 to 86 years) for the massive tear group. Larger tear size was correlated with increased mean age, but the association was not significant (p = 0.235). The mean symptom duration was 9.9 months (range, 1 to 36 months) for the small to medium tear group, 29.5 months (range, 12 to 85 months) for the large tear group, and 37.9 months (range, 1.6 to 122 months) for the massive tear group. Larger tear size was correlated with longer mean symptom duration, but the association was insignificant (p = 0.472) ( Table 2) .
Pain
The mean VAS of the entire patient cohort improved significantly from 5.4 ± 1.5 (range, 3 to 8) preoperatively to 1.8 ± 1.4 (range, 0 to 6) at the final follow-up (p < 0.001).
In the retear group, the mean VAS improved significantly from 6.0 ± 1.1 (range, 4 to 7) preoperatively to 2.4 ± 1.8 (range, 0 to 6) at the final follow-up (p < 0.001). In the healed group, it improved from 5.2 ± 1.6 (range, 3 to 8) preoperatively to 1.4 ± 0.9 (range, 0 to 3) at the final follow-up (p = 0.011). There was no significant difference in the postoperative VAS values between the 2 groups (p = 0.934) ( Table 3) .
ROM
The mean preoperative ROM of the entire patient cohort for active forward flexion (aFF), external rotation at the side (ERs), internal rotation to the posterior (IRp), and abduction (Abd) improved from 130°, 55°, T12, and 128° to 146°, 46°, T11, and 133° at the final follow-up, respectively. The postoperative improvement of aFF was statistically significant (p = 0.038), but there were no significant differ- The differences in mean duration of symptoms before surgery according to the tear size of rotator cuff. In the retear group, the mean preoperative ROM values for aFF, ERs, IRp, and Abd were 117°, 58°, T12, and 136°, respectively. At the final follow-up, the mean ROM values were 141°, 51°, T11, and 123° (p = 0.037, p = 0.398, p = 0.261, and p = 0.078, respectively). In the healed group, the mean ROM for aFF, ERs, IRp, and Abd improved from 137°, 53°, T12, and 124° to 149°, 44°, T11, and 138° (p = 0.049, p = 0.072, p = 0.944, and p = 0.360, respectively) at the final follow-up. The postoperative improvement in aFF in both groups was statistically significant, but there were no significant differences in postoperative ROM values of aFF, ERs, IRp, and Abd between the 2 groups (Table 3) .
Muscle Strength
The mean muscle strength of the entire patient cohort for forward flexion (FF), external rotation (ER), internal rotation (IR), and Abd improved from the preoperative mean (Table 3) .
Clinical Assessment
The mean UCLA score increased from 15.3 points (range, 9 to 23 points) preoperatively to 31.9 points (range, 21 to 33 points) at the final follow-up (p < 0.001). The mean Constant score increased from 45.8 points (range, 18 to 62 points) preoperatively to 68.9 points (range, 43 to 80 points) at the final follow-up (p < 0.001).
In the retear group, the mean UCLA score improved from 14.4 (range, 9 to 23) preoperatively to 28.3 (range, 21 to 35) at the final follow-up (p = 0.008). Similarly, it improved from 15.8 (range, 10 to 23) preoperatively to 31.1 (range, 26 to 33) at the final follow-up in the healed group (p = 0.008). The mean Constant score increased from 39.5 (range, 18 to 59) preoperatively to 63.6 (range, 55 to 76) at the final follow-up in the retear group (p < 0.001) and from 49.3 (range, 27 to 62) preoperatively to 71.9 (range, 61 to 80) at the final follow-up in the healed group (p = 0.008). The pre-and postoperative clinical scores of the retear group were inferior to those of the healed group, but there was no significant difference in the UCLA and Constant scores between the 2 groups at the final follow-up (p = 0.388 and p = 0.677, respectively) ( Table 3) .
Structural Outcome
There were 9 patients (36%) in the retear group. The mean age at surgery was 77.3 years (range, 75 to 81 years) for the healed group and 80.0 years for the retear group (range, 75 to 88 years). The mean age at surgery was lower in the healed group, but the difference was insignificant (p = 0.389). There were 2 small to medium tears, 3 large tears, and 4 massive tears in the retear group, as compared with 13, 2, and 1 in the healed group (p = 0.024). There were no significant differences in sex composition, mean followup period, or repair technique between the 2 groups (p = 0.542, p = 0.284, and p = 0.072, respectively), but there was a significant difference in initial tear size (p = 0.024, respectively) ( Table 4) .
Retear was significantly correlated with initial tear size (p = 0.001; odds ratio [OR], 2.771; 95% confidence interval [CI], 1.394 to 5.509 for large to massive tears) (p = 0.001; OR, 0.183; 95% CI, 0.048 to 0.692 for small to medium tears) but not with age (p = 0.177) or sex (p = 1.000; OR, 0.542; 95% CI, 0.048 to 6.144). 
DISCUSSION
RCT have little inherent capacity to heal without operative treatment. 7, 8) The surgical repair of RCT in young active patients is a widely accepted therapeutic option. Many studies have shown significant functional improvement and favorable tendon healing after rotator cuff repair. 11, 19) However, there is insufficient evidence to suggest efficacy of operative treatment for RCT in elderly patients. 13) In most cases, the first choice remains conservative management, but surgical treatment should be considered for symptomatic rotator cuff lesions that are unresponsive to conservative care. Whether debridement or repair should be considered in elderly patients is still unclear. Several studies have suggested that only subacromial decompression with acromioplasty should be performed in elderly subjects with RCT. 20) Acromioplasty alone yields satisfactory short-term results after RCT treatment. 21) However, deterioration is subsequently observed over the course of several years. 22) Many studies have reported improved clinical outcomes after rotator cuff repair in elderly patients. Flurin et al. 23) reported improvement from a preoperative Constant score of 44 to 76 postoperatively and an American Shoulder and Elbow Surgeons (ASES) score of 35 to 54 postoperatively at 1 year of follow-up in patients ≥ 70 years of age. Robinson et al. 24) evaluated the arthroscopic rotator cuff repair of 68 patients ≥ 70 years of age. They reported an improved Constant score from 23 preoperatively to 58 at the final follow-up in patients ≥ 70 years of age. Verma et al. 9) evaluated 39 shoulders in patients ≥ 70 years undergoing arthroscopic repair of RCT. They reported that the ASES score improved from 45.8 to 87.5 and that the VAS score improved from 4.6 to 0.5 at final follow-up. Worland et al. 25) studied 69 open rotator cuff repairs in patients aged ≥ 70 years. Satisfactory UCLA scores were achieved in 78%. Similarly, the findings of our study showed that the VAS, UCLA, and Constant scores plus muscle strength improved significantly after rotator cuff repair.
Although successful results after cuff repair have been reported, others reported that age and initial tear size are a negative factor associated with poorer tendon healing. Charousset et al. 12) reported healing in 52% of patients aged ≥ 65 years. Boileau et al. 11) found that patients aged ≥ 65 years had only a 43% chance of tendon healing and patients ≥ 65 years with delamination of the subscapularis or the infraspinatus had an even lower rate of healing. Liu and Baker 26) reported a retear rate of 32% and that tear size at the time of the repair was a major determinant of cuff integrity after repair. Cole et al. 27 ) reported a retear rate of 22% in 47 patients and showed that the presence of a recurrent tear was significantly correlated with patient age and initial tear size. In the current study, the retear rate was 36% of 25 patients and the cuff lesion healing rate in elderly patients with a mean age of 78.3 years was 64% (16 patients). In addition, among the 9 patients with retears, most (7 patients; 78%) had large to massive initial tears, while the healing rate in elderly patients with small to medium initial tears (15 patients) was 87%. These results are similar to the previously reported healing rate of 78%-88% in patients aged ≤ 60 years. 27, 28) The mean age at surgery was 77.3 years (range, 75 to 81 years) for the healed group and 80.0 years for the retear group; hence, the mean age of the retear group was higher, as compared to that of the healed group, but without significance. The initial tear size was the only factor affecting the retear rate.
Klepps et al. 29) reported that postoperative cuff integrity did not have a significant effect on outcome, as compared with intact cuffs in 32 patients. Another report suggested that rotator cuff repair significantly decreased pain and improved function and strength, despite repair failure on MRI. 28) They also reported that patients with a retear still showed significant improvement in all clinical assessments, including strength. 28) Liu and Baker 26) also demonstrated that repair integrity did not influence functional outcome. On the contrary, Flurin et al. 23) reported that retorn cuffs had worse overall Constant and ASES scores. Cole et al. 27) reported that ROM and muscle strength in aFF were inversely correlated with a recurrent tear. Yoo et al. 30) reported that physical component summaries of the Short Form-36 as well as on the UCLA and ASES were significantly higher in the healed group, even though there was no significant difference in mental component summary scores. Thus, controversy persists about whether structural repair integrity affects functional outcome. In the current study, there was no significant difference in Constant and UCLA score, ROM, and muscle strength at the final follow-up between the retear and healed groups. It is likely that structural integrity after cuff repair did not affect clinical outcome.
The current study had a few limitations. First, we analyzed short-term results with a mean follow-up of 30 months. Further long term follow-up studies with larger groups of patients are needed. However, our study provides valuable information about clinical outcomes and structural integrity after rotator cuff repair in patients aged ≥ 75 years. Second, with regard to postoperative imaging evaluation, the postoperative repair integrity was not analyzed by arthrography, but images were obtained for all included patients by MRI at a minimum of 12 months
